Two types of experiments of source rocks pyrolysis with volcanic reservoir rock and without one were conducted under hydrothermal condition and at 200 ˚C in gold tube system. The experiments result shows that there is a higher concentration of hydrocarbon gases generated in the experiment with rhyolite of reservoir stone and water than that with only water. Moreover, the hydrocarbon gases generated by experiments with rhyolite show a full reserved pattern of carbon isotope. This indicated that the FST reaction could happened between source rocks and volcanic reservoir rock at relatively low temperature.
INTRODUCTION
Most of the natural gas fields (reservoirs) discovered in the world are of biogenic origin. The most widely accepted mechanisms for biogenic natural gases formation are either formed through thermal cracking or biodegradation of sedimentary organic matters (Tissot and Welte, 1984; Welhan, 1988) . Generally, biogenic-origin gases show a normal pattern of carbon isotopic values for methane and their molecular homologues (i.e., 13 C 1 < 13 C 2 < 13 C 3 < 13 C n ; Chung et al., 1988; Prinzhofer and Huc, 1995) . However, abiogenic methane is frequently found in certain regimes such as oceanic mid-ridges, mud volcanoes and areas adjacent to abyssal fault zones (Abrajano et al., 1988; Charlou et al., 2002; Hosgormez et al., 2005) . These abiogenic natural gases generally show a reversal pattern of carbon isotopic values for methane and their molecular homologues (i.e., 13 C 1 > 13 C 2 > 13 C 3 > 13 C 4 , Des Marais et al., 1981; Jenden et al., 1993a; Dai et al., 2005; Sherwood Lollar et al., 2002; 2008) . Abiogenic natural gases were thought forming by Fischer-Tropsch Synthesis (FTS) under subsurface ( Hu et al., 1998; Horita and Berndt, 1999; Sherwood Lollar et al., 2002 Fiebig et al., 2007; Fu et al., 2007; Taran et al., 2007 Taran et al., , 2010 Proskurowski et al., 2008 , Proskurowsk, 2010 or by water-rock interaction under the crust (Anderson et al., 1984; Douglas and Seyfried, 2004) .
Although many studies over 80 years have discussed the mechanism of the FTS, the abiogenic hydrocarbon gases produced by FTS in labs generally showed a normal or slightly reversal (partial reversal) pattern of carbon isotopic which is different to the " full inverse trends" of carbon isotopic of abiogenic gases found in nature (Hu et al., 1998 ,. McCollom et al., 2006 , 2010 Fu et al., 2007; Taran et al., 2007; 2010) . More recent studies, however, have shown that such "carbon isotopic reversals" can in fact be produced in typical thermogenic hydrocarbon deposits (Du et al., 2003; Huang et al., 2004) . Moreover, the gases with reversed pattern of carbon isotope are also found in some deposits basin (Dai et al., 2005) . So, the formation mechanisms for the most of gases with inverse trends of carbon isotope, especially this kind of gases found in sediment basin, still remain controversial.
2. BACKGROUND 2.1. Geological background Songliao Basin, the largest oil-producing fault subsidence basin, is located in northeast China. The geological setting of the basin had been reported in detail by Mi et al. (2010) . Here, a brief introduction is presented. The layers bearing oil and gas developed from the Late Jurassic to the Early Cretaceous. The reservoir stone are mainly volcanic rocks and some sandstone (Feng, 2008) . Several sets of source rocks developed in the Jshl, K1shz and K1yc formations are coals and Lacustrine shales which are often embedded by volcanic rocks.
Backgrounds about deep gases origin
The natural gases from Deep layers, Songliao Basin, are characterized by heavy isotopic values of methane (-27.5‰, average), frequently isotopic reversal distribution of carbon isotope and locally concentrated mantle original CO 2 (Dai et al., 2008; 2009a; Feng, 2008; Guo et al., 1997; Huang et al., 2004; Jin et al., 2009; Ni and Dai, 2009; Wang et al., 2009; Mi et al., 2010) . So, some researchers suggested that reversal pattern of carbon isotopic of natural gases is for their abiogenic genesis (Guo et al., 1997; Dai et al., 2005; 2008; Jin et al., 2009; Ni and Dai, 2009; Wang et al., 2009) . However, some investigations believed that gas pooled in volcanic rocks are biogenic origin since sedimentary organic matters are fully involved, the reversed pattern of carbon isotope of hydrocarbon gases is caused by all kinds of epigenesises, such as mixing of between organic gases from different source rocks and some abiogenic hydrocarbon gases from the mantle or transudation (Li et al., 1999; Huang et al., 2004; Feng 2008; Luo et al., 2009) .
Here, we emphasized FTS among source rocks, volcanic reservoir stones and water is an important factor caused a reversal pattern of carbon isotopic for natural gases by simulating experiments.
EXPERIMENTS 3.1. Samples
The Mesozoic source rocks have reached a very high maturity stage in the study area as they are deeply buried. The available measured vitrinite reflectance (R o ) values from the basin are in the range from 2.5% up to above 4.0% in sedimentary succession and much higher values in basement (Li et al., 1999; Huang et al., 2004; Jin et al., 2009; Mi et al., 2010) . In this work, three source rocks with different maturity were selected to be involved in experiments (Table 1) . Prior to experiments, samples were crushed to 80 mesh and extracted with dichloromethane and methanol (7:3, v/v) for 24 h and dried at 100 °C for 24 h. Then mix the sample with rhyolite powder of reservoir stone at a weight ratio of 1:1.
Sample sealing
Prior to loading the reactants, one end of the gold tube was sealed by argon-arc welding. Each tube used in the simulation experiments was 5.5 mm and 5.0 mm in outer and inner diameters, respectively, and 100 mm in length. 200 mg mixed sample of source rock and rhyolite are loaded in a tube, 100µl deionized water is injected into tube by syringe. Then, gold tube loading sample and water was put into argon atmosphere for 10 minutes to ensure the complete removal of air. Finally the open end was sealed by argon-arc welding with the tube immersed in dry ice.
Experiment condition
Many experiments results of organic source rocks pyrolysis indicated that mass generation of gases in source rock pyrolysis happened above 300 o C (Bernhard et al., 2001; Fu et al., 2003) . In this paper, all the experiments were conducted at 200 o C in order to decrease the affection of the hydrocarbon gases generated by source rock pyrolysis.
Gold tubes were put in reactors that are temperature-programmed by a computer. Their temperature variations are programmed as follows: reactors were heated to 200 o C in 30 min, hold 50hr, then the reactor was cooled down to room temperature by self-cooling. All of the reactors were kept at a constant pressure of 50 MPa during the experiments. Water was used as the pressure-controlling medium and controlled by an air-driven pump. The water pressure could be easily transmitted to the gases closed in tube owing to the excellent elasticity of the gold metal.
The rhyolite added into experiments is selected from reservoir stone Cretaceous of well XS1, located in Xujiaweizi depression of Songliao basin. The major elements in rhyolite were detected by fluorescent X-ray spectroscopy, and the trace elements were detected by Inductively Coupled Plasmas (ICP).
Gas products analysis
Identification and quantification of individual hydrocarbon and non-hydrocarbon gas components were carried out by a two-channel Wasson-Agilent 7890 Series Gas Chromatograph (GC) integrated with an auxiliary oven on the top, which is customconfigured by Wasson-ECE Instrumentation (Fort Collins, CO). The instrument was equipped with two capillary and six packed analytical columns, a flame ionization detector (FID) and two thermal conductivity detectors (TCD). The carrier gases for the FID and TCD were high-pure N 2 and He, respectively. The heating program for the GC oven was: heating from room temperature to 68 o C (held isothermal for 7 min.), then to 90 o C (at a rate of 10 o C/min and then held isothermal for 1.5 min.), and lastly to 175 o C (at a rate of 15 o C/min then held isothermal for 5 min). An external standard method was employed for the chromatographic calibration. The certified gas standards were prepared at a precision of better than ± 1 mol% for each component made by BAPB Inc.
The stable carbon isotopes of the hydrocarbon gases were determined by using an Isochrom II GC-IRMS coupled with a Poraplot Q column. Helium was used as a carrier gas. The heating program is as follows: starting from an initial temperature at 30 o C (isothermal for 3min), then heated up at 15 o C/min to 150 o C, held isothermal for 8 min. Each measurement was repeated for at least three times to ensure that the error in each component was less than 0.5‰.
RESULTS AND DISCUSSION

Geochemistry of gases
As a further constraint on possible contributions of hydrocarbon gases from source rock pyrolysis at the experiment temperature, two groups of six experiments were performed with rhyolite and no rhyolite involved in reactions. The experiments with no rhyolite adding yielded trace amount of hydrocarbon gases which is lower than that from the interactions with rhyolite adding (Fig. 1) , especially less hydrocarbon gases. The amount of hydrocarbon gases produced in the experiments without rhyolite adding is so little that their carbon isotope could not be detected. The geochemistry of the gases generated in the reactions of rhyolite adding is listed in Table 2 .
The results of contrast experiments with volcanic rock and no volcanic rock show that rhyolite adding promoted the generation of hydrocarbon gases. Moreover, the alkane gases produced in the experiments with volcanic rock show a full reversed pattern of carbon isotope for methane and it's homologue ( 13 C 1 > 13 C 2 > 13 C 3 > 13 C 4 ). For example, the carbon isotope of alkane (C 1 -nC 4 ) gases produced in the experiment of sample 1 # involved are -31.40‰, -38.33‰, -39.71‰ and -39.73‰, respectively, in Table 2 which presents a full reversed pattern. Single source pyrolysis could only produce the gases with normal pattern of carbon isotope (δ 13 C 1 < δ 13 C 2 < δ 13 C 3 < δ 13 C 4 ) (James, 1990; Liu et al., 2008) . The temperature at which the source rock with a low maturity begins to generate hydrocarbon gases is above 300 o C in gold tube pyrolysis experiments (Bernhard et al., 2001; Fu et al., 2003) . There is almost no hydrocarbon gases generation for their high maturity in the experiments with 2 # and 3 # samples 
ENERGY EXPLORATION & EXPLOITATION
The carbon source of FTS
FTS is defined as heterogeneous catalytic reduction of oxidized carbon-bearing compounds by hydrogen to generate hydrocarbon, which is widely used at present to interpret the formation mechanism of abiogenic hydrocarbons under geological conditions. The CO 2 from the mantle and organic source rocks would be source carbon in Songliao basin. McCollom et al. (2010) suggested that CO 2 is main source carbon to formed hydrocarbon by FST in geologic setting, but the CO 2 form the mantle could not be source carbon in FTS. Feng et al. (2003) reckoned that natural gases charge event happened during the time interval from 95 Ma to 65 Ma by combining inclusion homogenization temperature and the thermal history of the basin. And, mantle CO 2 charge happened during Cenozoic . That indicated that the abiogenic hydrocarbon gases had charged into reservoir before the mantle CO 2 charge. Dai et al., (2005) suggested that the CO 2 with 13 C CO2 >-8‰ is abiogenic origin, and the CO 2 with 13 C CO2 <-10‰ is organic origin. Some CO 2 accompanied hydrocarbon gases with a characteristic of full reversed carbon isotope pattern show 13 C CO2 <-10‰ (Table 3) , of organic origin. So, carbon source in FST reaction should not be mantle origin CO 2 , but source rocks. Yu et al. (2009) had proved that FTS reaction could happen between graphite and hydrogen to form hydrocarbon gases. Although the source rocks of deep layers had arrived to a very high maturity stage in the basin. The available measured vitrinite reflectance (R o ) values are in the range from 2.5% up to above 4.0% in sedimentary succession and much higher values in basement (Li et al., 1999; Huang et al., 2004; Jin et al., 2009; Mi et al., 2010) , but, their reactivity in FTS would be higher than that of graphite. Moreover, several sets volcanic rock embedded in source rock formations (Mi et al., 2010) , this makes the FTS reaction easily under geological setting.
Mechanisms: reaction pathways
Co, Fe, Ru and Ni often act as catalyst in FTS experiments (Hu et al., 1998; McCollom et al., 2006 McCollom et al., , 2010 Taran et al., 2007; 2010) . In order to inspect whether metal elements occurred in the volcanic rock, the rhyolite involved in experiments was analyzed for their major elements and trace elements analysis. The result shows that there are many kinds of metals in rhyolite reservoir stone (Table 4) . Meng et al. (2010) had showed a similar result in analysis to other rhyolite samples from the basin. These metals would catalysize FTS reaction. There are high concentration CO 2 and H 2 in the experiments with rhyolite occurring and hydrothermal condition (Table 2 ). These CO 2 are organic origin for δ 13 C CO2 <-10‰ and could only produce by source rock. McCollom et al. (2010) suggested that CO 2 is main source carbon to formed hydrocarbon by FST in geologic setting. So, the FTS reaction did not happen between H 2 and source rocks directly, but did between H 2 and CO 2 which is from source rocks chiefly. Water has very important role in the reaction. H 2 O would react with the metal occurred in volcanic rock producing H 2 (Charlou et al., 2002; Hosgormez et al., 2005) , but also react with source rock producing CO 2 . The reaction between H 2 and CO 2 would happen easily than that between H 2 and source rocks for their same phases. The reaction process would simply conclude as follow:
Discussion about the origin of hydrocarbon gases in deep layers gases
The crux of the controversy about the genesis of natural gases developed in deep layers of Songliao basin is that there is no foolproof approach to distinguishing hydrocarbons of biogenic from abiogenic origins in nature currently. On the base of geochemical statistics of recognized abiogenic gas compositions, enriched δ 13 C value for CH 4 , reversed isotopic trend in 13 C with increasing carbon number, and a high 3 He/ 4 He ratio, are commonly considered to be indicative of the occurrence of abiogenic hydrocarbons (Dai et al., 2005; 2008; 2009a; Jenden et al., 1993a; Sherwood Lollar et al., 2002; . Abiogenic gases are isotopically heavier than biogenic origin gases, however, there is no definitive threshold of isotopic value of methane between biogenic and abiogenic origin. Giardini and Melton (1981) stated that hydrocarbons with a 13 C 1 value more enriched than -18‰ may be abiogenic in origin, while others used δ 13 C 1 >-20‰ (Welhan, 1988 ), δ 13 C 1 >-25‰ (Jenden et al., 1993a; Sherwood Lollar et al., 2006) , and δ 13 C 1 >-30‰ (Dai et al., 2005; 2008; Ni and Dai, 2009; Wang et al., 2009 ) as a reference. On the other hand, relatively 13 C-rich methane has also been reported from overmature anthracite (δ 13 C 1 up to -13‰ PDB) (Ying et al., 1991; Rice, 1993; Dai et al., 2009b) . Meanwhile, several experimental studies have demonstrated that production of abiogenic CH 4 by hydrothermal FST can result in δ 13 C values as depleted as -57‰ (Horita and Berndt, 1999; McCollom and Seewald, 2006) . Mi et al. (2010) suggested that the carbon isotope of source rock developed in deep layers of the basin is heavy than general source rock of same type in China, and the carbon isotope of methane from source rock pyrolysis would arrive to -22 ‰. It has become evident that the carbon isotopic value of methane alone may not be a particularly effective diagnostic means to differentiate between biologic and non-biologic sources.
Abiogenic hydrocarbons are interpreted to be derived from the polymerization of CH 4 units and give the reversed isotope distribution, in which 13 C 1 > 13 C 2 > δ 13 C 3 > δ 13 C 4 (Des Marais et al., 1981; Jenden et al., 1993a; Sherwood Lollar et al., 2002; 2008) . Such reversed isotope distribution is thought to be another distinct isotopic signature for abiogenically derived hydrocarbons. However, as mentioned by James (1990) the normal trend is usually observed for gaseous hydrocarbons derived from a single source. Gas mixtures of organic hydrocarbon gases with different origins would also cause the reversed pattern of natural gases carbon isotope. Recent pyrolysis experiments illustrated that a partial reversed trend can be generated from a single facies source rock as well (Kotarba et al., 2009) . Other studies have shown that such carbon isotopic reversals can in fact be produced in typical thermogenic hydrocarbon deposits during migration, mixing and oxidation of gases (Jenden et al., 1993b; Prinzhofer and Huc, 1995; Lorant et al., 1998; Snowdon, 2001; Du et al., 2003; Huang et al., 2004) . On the other hand, controlled experiments designed to produce hydrocarbons via abiogenic reactions do not consistently produce the isotopic reversal trend (Hu et al., 1998; McCollom and Seewald, 2006; Fu et al., 2007; Taran et al., 2007; 2010) . Dai et al. (2005) suggested that the mixture of different original organic gases would also cause the carbon isotopic reversals of natural gas by numerical simulation. As a consequence, carbon isotope relations between methane and the higher hydrocarbons seem insufficient to distinguish an abiogenic gas from biogenic gas.
Several other geochemical indicators were proposed for identifying abiogenic gaseous hydrocarbons. For example, due to the different origin of the two stable isotopes of helium, the ratio of 3 He to 4 He was applied to differentiate crustal from mantle helium. Jenden et al. (1993a) proposed that R/ Ra > 0.1 in the natural gas was an indication of the existence of mantle helium (R is the 3 He/ 4 He value of sample, Ra is the 3 He/ 4 He value of atmosphere, 1.38×10 -6 ), but there is no a definite value of R/ Ra to indicated that helium fully come from the mantle. Sherwood Lollar et al., (2008) suggested that in a crustal dominated geologic setting, gas-water-rock interactions can produce abiogenic hydrocarbons whose δ 13 C values reflect local crustal carbon sources and will not necessarily have 3 He/ 4 He values > 0.1 Ra. Dai et al. (2008) suggested that the hydrocarbon gases with full reversed pattern of carbon isotope and R/Ra > 0.5 are the mantle origin in researching genesis of the hydrocarbon gases developed in deep layers of Songliao basin. However, the R/Ra value associated CO 2 pools which is the mantle origin (Table 5) is much higher than 0.5. So, it is improper to use 0.5 as the threshold of R/ Ra to distinguish organic gases with abiogenic gases in the basin. There is no correlation between δ 13 C 1 and R/Ra (Fig. 2) . It indicated that the gases with reversed distributing pattern of carbon isotope and R/ Ra > 0.1 are not pure abogenic gases, but mixture gases of abogenic gases and organic gases. Our experiments results indicated that the FTS reaction conducted in reservoir should also be another factor of relatively low R/ Ra in the gases with full reversed pattern of carbon isotope. Mixture of gases with different origins would cause a great change in carbon isotope of natural gas (Dai et al., 2005; Mi et al., 2010) . In order to examine what would happened in the carbon isotope pattern of alkane gases when the gases produced by FTS conducted in reservoir mixed with thermal gases, the numerical mixture between FTS gases and typical thermal gases found in the deep layers is conducted. Numerical calculation can predict the commingling effect of end members with different chemical and isotopic compositions.
In the carbon isotope calculation process of the mixing, the CO 2 and H 2 had been deducted for they could not present bulk for long time under geological setting. The geochemistry of gases in mixing after deduction and normalization is listed in Table 6 . The concentration of the hydrocarbon gases with reversed pattern of carbon isotope generated in FTS is low, but these gases would change the carbon isotope pattern of natural gases. The isotopic compositions of the mixed gases can be calculated as follows.
'A' stands for the characteristic value of one end member, n A for the contribution proportion of this member, B for the characteristic value of another end member, whose corresponding contribution proportion is (n B =1-n A ), X tA and X tB are percentage of one component in each end member,δ 13 C tA and δ 13 C tB are carbon isotopic values of one component in each end member. Figure 3 show isotopic composition of mixture gases in a volumetric ratios of 1:9, 2: 8, 3:7, 4:6, 5:5, 6:4, 7:3, 8 :2 and 9:1, respectively. The results of calculation show that small amount of 1 # gas (about 3%) was added into the gases from WS5 well and W21-8 well, the carbon isotope of mixing gas would produce full reversal. Much amount of 2 # gas and 3 # gas (40~80%) added into the typical natural gases could make the mixture gas full reversal of carbon isotope, but little amount of them adding (less than 5%) would cause natural gas partial reversal of carbon isotope.
It is obvious that a little amount of FST gas would make the thermogenic gases produce reversal of carbon isotopic distribution pattern in different degree. There are 87.5% gases (Mi et al., 2010) shows a reversal distribution pattern of carbon isotopic in Songliao basin deep layers, but the simulation calculation for carbon isotope of the gases produced by mixing between the gases from our FTS experiments and thermal gases indicated these gases found in the deep layers are mainly organic origin, but not the abiogenic gases from the mantle.
CONCLUSIONS
The result of experiments indicated that FTS reaction could happened between rhyolite of the reservoirs and the source rocks under hydrothermal condition and at relatively low temperature. And, the hydrocarbon gases generated by the FTS with rhyolite of the reservoirs, source rock and water involved layers are characterized by full reversed pattern of carbon isotope, no matter high or low maturity of source rocks developed in deep layers of Songliao basin. Numerical calculation for carbon isotope of the gases mixing between the typical thermal gas and the gases generated by the FTS experiments show that a little amount of FST gas would make the thermogenic gases produce reversal of carbon isotopic distribution pattern in different degree. So, FTS conducted in volcanic reservoirs is an important factor caused the reversed pattern of carbon isotopic for natural gases. This also indicated that the gases found in the deep layers are mainly organic origin.
